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ABSTRACT

Synthesis of selenium-containing nucleoside anasgulerived from some heterocyclic moieties such as
pyridineselenol, pyridazineselenol and quinolinesel derivatives is described herein. These comg®umere
prepared in a concise and short synthetic routgdaod yields, by nucleophilic substitution reactioihdifferent
selenoheterocyclic compounds with alkyl halidesvéd¢ives (e.g. allyl bromide, 3-chloro-propan-1-8kchloro-3-
hydroxy-propan-1-ol and epichlorohydrine as weBjological screening of the newly synthesized camgds was
screened in vitro and in vivo antioxidant studi€ke newly synthesized compounds were charactengied the
well known spectroscopic tools (IR, UMNMR,**CNMR and mass spectroscopy) as well as microarsalysi
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INTRODUCTION

In recent years, considerable attention has beenotel® to the synthesis of selenium-containing loetgries
because of their interesting reactivity and pot#nfiharmaceutical applications and therefore, ndficient

syntheses are an attractive goal of chemical resedr10]. Furthermore, in previous work in our dastory

describes the synthesis of pyrimidoselenolo [2,8u0holine,[11] pyrimidoselenolo [2,3-c] pyridazif#2] which

indicate that certain compounds possess signifigatiinflammatory and analgesic activities withosig fungicidal
effects. Stimulated by our recent work on the sgath of selenium containing sulfa drugs, [13] amaltynthesis of
selenium containing amino acid analogues, [14] weidkd to expand our interest to the introductidnao

organoselenium compounds in the nucleoside anatoigamework. From a literature survey indicates tmdy few

publications have mentioned the incorporation eefenium atom into nucleosides [15]. Consequestythesis
and biological screening of selenonucleoside anedsgnay be considered a virgin research area.

MATERIALSAND METHODS
Chemistry
Meting points were determined using a Kofler mgjtpoint apparatus and were uncorrected. IR (KBersp were
recorded on a Pye-Unicam SP3-100 instrument. 1H Mlgiéttra were obtained on a Varian EM 390 USA aiuis
University using tetramethylsilane as an interngflerence. 13C NMR spectra were recorded on a JNM-LA
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spectrometer (400 MHz) at Assiut University. Eleta¢mnalyses were obtained on an Elementar Varid E580C
analyser. Purity of the compounds was checked b@ Tking silica gel plates. Mass spectra were recbh a
JEOL-JMS-AX 500 at Cairo National Research Centat dEOL-JMS 600 at Assiut University, Assiut, Egypt
Elemental analyses were obtained on an Elementeéo ¥& 1150C analyzer. Purity of the compounds walascked
by TLC.

All physical and spectral data in Table 1.

General Procedures

The selenolo derivatives of pyridinga], or pyridazine Ib) or quinoline Lc) (10 mmol) were heated under reflux
with alkyl halides derivatives (e.g. allyl bromid&:chloro propan-1-ol, 3-chloro-3-hydroxy-proparmil-and
epichlorohydrine) (10 mmol) for 2 hrs, in the prese of anhyd. KCO,/ acetone. The reaction mixture was filtrated
and the solvent was distilled out completely. Tésidue was collected and recrystallized from Piteie40-60 C.

2-(allylselenyl)-4,6-dimethylpyridine-3-car bonitrile (2a, C11H1oN>Sé).

13C NMR (CDCk-ds, 75 MHz): 8 166.4, 163.1, 154.2, 151.2, 132.7 (€EH,), 124.2 (CH-pyridine), 122.1
(CH=CH,), 118.7, 33.8 (CHCH=CH,), 21.4 (CH), 14.5 (CH). MS of compound (2a) exhibited molecular ion peak
at MS (70 eV)m/z = 253 ([M + 2], 78); 252 ([M + 1], 58). Calcd. #ér C,;H1,N,Se: C, 52.60; H, 4.82; N, 11.15.
Found, %: C, 52.30; H, 4.80; N, 10.89.

3-(allylselenyl)-5,6-diphenylpyridazine-4-car bonitrile (3a, CooH1sN:S€

13C NMR (CDC}-dg, 75 MHz):6 166.4, 160.1, 152.0, 151.2, 146.8, 146.7, 143140,1, 136.5, 132.7 (GHCH,),
129.0, 127.1, 122.1 (CH=G} 118.1, 112.0.7, 33.7 (GBH=CH,), MS (70 eV):m/z = 376 (M, 60). Calcd. % for
C,yoH1isNsSe: C, 63.83; H, 4.02; N, 11.17. Found, %: C, 63t5%4.00; N, 11.01.

2-(allylselenyl)-4,6-dimethylquinoline-3-car bonitrile (4a, C14HsNS€

13C NMR (CDC}-ds, 75 MHz): 8 204.80, 152.08, 146.82, 146.73, 143.10, 135.13,2B3(CH-CH,) 127.96,
126.41, 121.4, 122.69 (CH=G} 33.20 (CHCH=CH,), 21.53 (CH), 18.44 (CH). MS (70 eV):m/z = 276. ([M,
33). Calcd. % for HsNSe: C, 60.87; H, 5.47; N, 5.07. Found, %: C, 60H,5.33; N, 4.88.

2-(3-hydroxypropylseenyl)-4,6-dimethylpyridine-3-car bonitrile (2b, C;1H14N,OS€

13C NMR (CDC}-ds, 75 MHz): 6 162.2, 154.2, 151.9, 123.2, 108.3, 115.2, 59.6,(1H), 34.91(CHCH,OH),
32.6 (CH), 24.1 (CHCH,CH,OH), 20.4 (CH). MS (70 eV):m/z = 270 ([M" +1], 55). Calcd. % for GH1,N,OSe:
C, 49.08; H, 5.24; N, 10.41. Found, %: C, 48.985H1; N, 10.22.

3-(3-hydroxypropylseenyl)-5,6-diphenylpyridazine-4-car bonitrile (3b, C5oH1;N:0S6

13C NMR (CDC}-ds, 75 MHz):6 159.0, 157.2, 141.3, 134.8, 132.4, 130.0, 1298,6l, 127.8, 114.6, 113.6, 59.1
(CH,0OH), 34.9 (CHCH,OH), 32.1 (CH), 24.1 (CHCH,CH,0H), 20.4 (CH). MS (70 eV):m/z = 394 ([M+, 50).
Calcd, % for GgH17;N3;OSe: C, 60.92; H, 4.35; N, 10.66. Found, %: C, 806 4.18; N, 10.44.

2-(3-hydroxypropylselenyl)-4,6-dimethylquinoline-3-car bonitrile (4b, C14H,/NOS@

13C NMR (CDCi-ds, 75 MHz): 6 159.1, 156.1, 152.2, 143.0, 135.3, 131.4, 1288,5, 122.9, 59.1_(CiOH),
33.3 (CHCH,0H), 28.4 (CHCH,CH,0H), 21.4 (CH), 18.4 (CH). MS (70 eV):m/z = 294 ([M+, 44). Calcd. % for
CisH1sNOSe: C, 57.14; H, 5.78; N, 4.76. Found, %: C, 87H), 5.59; N, 4.49.

2-(1,3-dihydroxypropylselenyl)-4,6-dimethylpyridine-3-car bonitrile (2c, C;1H14N,0,S€

13C NMR (CDC}-ds, 75 MHz):6 163.1, 159.8, 154.2, 121.2, 113.9, 108.9, 71.6GHOH), 63.2 (CHOH), 45.4
(-CH,-CH,0OH), 24.0 (CH), 20.2 (CH). MS (70 eV):m/z = 285 ([M+, 2]. Calcd. % for GH14N,O,Se: C, 46.32; H,
4.95; N, 9.82. Found, %: C, 46.14; H, 4.78; N, 9.67

3-(1,3-dihydroxypr opylselenyl)-5,6-diphenyl pyridazine-4-car bonitrile (3c, CooH17/N30,S6

13C NMR (CDC}-ds, 75 MHz):6 159.2, 154.4, 152.3, 136.5, 130.2, 129.0, 1248,8, 128.1, 127.0, 118.2, 113.9,
108.0, 71.7 (Se-C@H), 63.6 (CHOH), 45.6 (-CH-CH,OH). MS (70 eV):m/z = 410 ([M+, 4]. Calcd. % for
C,0H17N30O,Se: C, 58.59; H, 4.18; N, 10.24. Found, %: C, 58:#34.00; N, 10.01.
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Scheme 1: synthesis of compounds 2a-d-4a-d
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2-(1,3-dihydroxypr opylselenyl)-4,6-dimethylquinoline-3-car bonitrile (4c, C14H:/NO,Se

13C NMR (CDCk-dg, 75 MHz): 6 155.1, 152.0, 143.2, 131.3, 127.8, 126.4, 1223,7, 112.4, 71.6 (Se-GbH),
65.1 (CHOH), 45.5 (-CH-CH,OH), 21.2 (CH), 18.4 (CH MS (70 eV):m/z = 310 ([M+, 22]. Calcd. % for
Ci4H1/NO,Se: C, 54.20; H, 5.52; N, 4.51. Found, %: C, 54t915.46; N, 4.32.

2-(oxiran-2-ylmethylselenyl)-4,6-dimethylpyridine-3-car bonitrile (2d, C;;H1,N,O0S€

13C NMR (CDCk-ds, 75 MHz):5 163.2, 154.4, 152.2, 145.9, 126.9, 124.2, 11818,0, 71.4 (-CHOCH,), 44.5
(CH,OCH,), 31.9 (-CH-CH,OHCH,). MS (70 eV):mz = 267 ([I\/F 2, 2], 269 (M+, 0.5). Calcd. % for
C1iH12N,0Se: C, 49.45; H, 4.53; N, 10.48. Found, %: C, 892 4.49; N, 10.23.

3-(oxiran-2-ylmethylselenyl)-5,6-diphenyl pyridazine-4-car bonitrile (3d, C,0H1sNs0Sé@

13C NMR (CDC}-ds, 75 MHz):8 157.7, 156.3, 151.2, 146.3, 134.0, 132.3, 13(®9,0, 128.6, 128.0, 127.9, 113.
5, 113.0, 70.9 (-CKDCH,), 45.6 (CHOCH;), 29.1 (-CH-CH, OH CH,). MS (70 eV):m/z = 392 (M, 4]. Calcd. %
for C,oH1sN3OSe: C, 61.23; H, 3.85; N, 10.71. Found, %: C, 1H) 3.55; N, 10.56.
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Table 1Physical and spectral data of compounds (2a-d, 3a-d and 4a-d)

Compd. Mp °C Mol. formula

=1
no. (yield %) (Miwt) IR (cm™) 1H NMR @, ppm)
CoHNSe 2200(&(3\'1‘)), 1610 cpel,: 7.50 (s, 1H, CH-pyridine); 4.31 (s, 1H, €BHy); 4.27 (d, 2H, CH=Ch);
2a 40-42 (75) éslf 129) 2.65 (s, 3H, Ch) 2.50 (s, 3H, Ch); 2.52 (s, 2H, Se-Chl.
CuH N OSe 3400 (OH); 2210 CDCl: 7.50 (s, 1H, CH-pyridine); 4.31 (s, 2H, €8H); 3.75 (m, 2H, CHCH,);
2b 35-37 (73) “2(1349 50 CN) 1610 (Con) 352 (t 2H, Se-Ch); 2.65 (s, 3H, CH); 2.50 (s, 3H, Ch); 2.21 (s, 1H, O
2 NOz)Se (CN), 1610 (C=N) - =pc),; 7,50 (s, 1H, CH-pyridine); 4.41 (s, 2H, €BH); 4.02 (, 2H, Se-CAH);
2c 40-45(85) 1125‘5220 3500 (OH): 2200 3-7573-61 (M, 2H, CKHCHy; 2.70 (s, 3H, Ch); 2.60 (s, 3H, CH); 2.60(s, 2H, 20H
(285.20) . (OH); - CDCls: 7.59 (s, 1H, CH-pyridine); 3.28 (s, 3H, @H3.04 (s, 3H, Ch); 2.59 (s, 3H,
20 adap(77) CuhriOSe  (CNJIBIS(CEN) - cpocny;2.55 (s, 2H, Ch.
(267.19) _ CDCl;: 7.31-7.87 (m, 10H, CH-AY); 5.71 (s, 1H, €BHy): 4.97 (d, 2H, CH=Ch);
3a  3538(70) 0203'*7165'\:')’3159 2200 éc_'\,\'l) 1615 5 50 (s, 2H, Se-Ch. -
C(H No)Se (C=N) CDCl;: 7.50-7.22 (m, 10H, CH-Ar); 4.39 (s, 2H, €8H); 4.05 (m, 2H, CHCH,);
3b 33-35 (75) 203374 33 2900 (CN): 1620 399 (t. 2H, Se-Ch); 2.51(s, 1H, OH
c (H N oz)s o (é:N))' CDCl: 7.30-7.80 (m, 10H, CH-Ar); 4.75 (s, 2H, €8H); 4.52 (s, 2H, Se-0BH);
3c 32-34 (82) oy 41170 333 3.75-3.85 (m, 2H, CKHCH;); 2.68(s, 2H, 20M
C(H No)Se 3400 (OH): 2210 CDCl;: 7.22-7.88 (m, 10H, CH-Ar); 3.09 (s, 3H, @B+CH,); 2.59 (s, 2H, Ch).
3d 40-42 (69) 203352 %1 CN) 1610 (Gon) CDCh: 8.04 (s, 1H, CH-quinoline); 7.31-797(m, 3H, CHyAM.31 (s, 1H, CHCHy);
(39280 - (CN)1810(C=N) 457 (d, 2H, CH=Cl; 2.70 (s, 3H, Ch; 2.65 (s, 3H, Ch): 2.50 (5, 2H, Se-Ch
4a 38-40 (73) 13752 1 3500 (OH): 2200 CDChs: : 8.04 (s, 1H, CH-quinoline); 7.40-7.22 (m, 3HH@v); 4.31 (s, 2H, Chi
(276.24) (OH); - OH); 3.75 (m, 2H, CHCH,); 3.52 (t, 2H, Se-CH; 2.70 (s, 3H, Chk); 2.65 (s, 3H,
ab  asae(go) CHNOSe  (CMITOIS (CEN) - ciy) 2 21(s, 1H, O
c (H NOZ)Se 3500 (o(H)leszo CDCl;: 8.04 (s, 1H, CH-quinoline); 7.40-7.22 (m, 3H, @ 4.41 (s, 2H, CHOH);
4c 38-40 (75) U ' 4.02 (, 2H, Se-CBH); 3.75-3.61 (m, 2H, CIHCH;); 2.70 (s, 3H, Ck); 2.65 (s, 3H,
c(iloNzc?s 3500(6(;:‘)- 2200 ) 2.60(s, 2H, 20/ )
4d 35-37 (70) 1(4291; 2 4)e ((CN))' CDCl: 8.04 (s, 1H, CH-quinoline); 7.40-7.22 (m, 3H, @) 2.70 (s, 3H, Ch);

1615 (C=N) 2.65 (s, 3H, Ch); 2.59 (s, 3H, CHD-CHy); 2.55 (s, 2H, Ch)

MS of compounds (see experimental Section), 13C dfMBmpounds (see experimental section)

Table 2 Effects of selected selenium containing nucleoside on SOD, GSH-S-tranferase, and GSH-Rd in CCl4-intoxicated mice.

Design of treatment SOD (Units/mg protein) Gfmol /mg protein) GSH-Rd (mg/g protein)
Normal control (Group 1) 11.65+ 064 2.32+0.09¢ 5.31+0.1%¢
CCl, + olive oil (Group 2) 7.15+0.2% 1.72 +0.07¢ 3.92 £0.20¢
Compound 2C (250 mg/kg) + CQGroup 3) 9.21 + 0.F2" 1.90 + 0.13" 5.34 + 0.32"¢
Compound 2c (500 mg/kg) + CQGGroup 4) 9.41 +0.7%¢ 1.95 + 0.08"°" 5.45 + 0.68"
Compound 3b (250 mcg) + CC4(Group 5  10.32 0.5 2P 1.89 + 0.1/2P 5.04 % 0.2:2b«
Compound 3b (500 mg/kg) + CQGroup 6)  10.76 + 0.1%* 1.91 + 0.0 5.14 + 0.25"¢
Compound 3c (250 mg/kg) + CQGroup 7)  11.02 + 0.1%* 1.87 + 0.09°" 5.34 + 0.1
Compound 3c (500 mg/kg) + C;(Group 8 11.21 +0.0 2P 1.95 +0.1/20 5.67 % 0.5.20«
Compound 3d (250 mg/kg) + CCGroup 9) 10.98 + 0. 41 1.91 + 0.30"" 5.22 +0.12"
Compound 3d (500 mg/kg) + GEGroup 10)  10.47 + 0.1%9" 1.85 +0.12"" 5.32 +0.43"
Vitamin E (100 mg/ k) (Group 11 12.15+0.4 % 2.52+0.33 6.26 £ 0.5:**

Values are mean £SD, n =6, a : p < 0.05 compaith wehicle control group, b: p < 0.05 compare WEiCI4 group, c: p < 0.05 compare with
vitamin E group.

Table 3 Effects of selected selenium containing nucleoside on hepatic GSH-Rd and M DA levelsin CCl,-intoxicated mice.

Design of treatment GSH-Rd (mg/g protein)  MDA(nmad/ protein)
Normal contra (Group 1, 15.12 + 0.3°¢ 5.25+0.1.°¢
CCl, + olive oil (Group 2) 10.19+0.4%1 8.11+0.12¢
Compound 2C (250 mg/kg) + CQGroup 3)  12.85 + 0.58¢ 4.93 + 0.48°"
Compound 2¢ (500 mg/kg) + CGGroup 4)  13.20 + 0.2%¢ 3.81 £0.13"¢
Compound 3b (250 mg/kg) + CQGroup 5)  11.98 + 0.1%¢ 4.14 +0.19"
Compound 3b (500 mg/kg) + GQGroup 6)  12.71 + 0.48" 3.52 +0.23"¢
Compound 3¢ (250 mg/kg) + CQGroup 7)  11.92 + 0.2%¢ 4.12 +0.42"¢
Compound 3¢ (500 mg/kg) + CGGroup 8)  11.29 + 0.38¢ 3.16 + 0.3F""
Compound 3d (250 mg/kg) + CGGroup 9)  12.34 + 0. 68" 4.13 £ 0.42°
Compound 3d(500 mg/kg) + CGGroup 10)  17.08 + 0.5 3.21 £ 0.14""
Vitamin E (100 mg/ kg) (Group 11) 12.15 + 043 2.13 +0.20"

Values are mean =SD, n = 8; p < 0.05 compare with vehicle control groipp < 0.05 compare with C¢group, p < 0.05 compare with
vitamin E group.
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Figl
Inhibition (%) of Hydroxyl radical by tested campounds
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2-(oxiran-2-ylmethylselenyl)-4,6-dimethylquinoline-3-car bonitrile (4d, C14H1sNOS@

13C NMR (CDC}-ds, 75 MHz):6 154.9, 152.2, 145.9, 143.3, 135.1, 126.9, 1224,2], 118.2, 71.4 (-C4OCH,),
44.1 (CHOCH;), 31.8 (-CH-CH,OHCH,), 21.6 (CH), 18.6 (CH). MS (70 eV):m/z = 292 ([M', 20]. Calcd. % for
CiHisNOSe: C, 57.54; H, 5.17; N, 4.79. Found, %: C, 878 5.01; N, 4.54.

Biological screening

Chemicals

De-oxyribose, thiobarbituric acid (TBA), 1,1-diph#-picrylhydrazyl (DPPH), linoleic acid and
dimethylsulfoxide (DMSQ) were obtained from Sigmlae@ical Co. (St. Louis, MO,USA). All other chemisand
reagents used were analytical grade.
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Animals

Male Albino mice (20 + 2 g) were obtained from fBepartment of Animal science, Faculty of AgricuétuCairo
University and animals were quarantined and allowedacclimate to the laboratory for a week prior to
experimentation. The animals were handled undedsta laboratory conditions with a 12-h light/dasicle in a
temperature of 25 + 5 and a relative humidity of 55 + 5 % controlledmn. The basal diet used in these studies
was certified feed with appropriate analyses paréat by the manufacturer and provided to researtloradories.
Food and water were available ad libitum. Our toittnal Animal Care and Use Committee approvegh@itocols

for the animal study, and the animals were careéhfaccordance with the institutional ethical galides.

In vitro antioxidant potential of synthesized compounds

DPPH radical scavenging activity

All synthesized compounds were analyzed accordinthhé technique reported [23]. The stock solutibibBPH
was prepared by dissolving 24 mg of DPPH with 1@0imMeOH, and then stored at 20 C in the darklurgeded.
The working solution was obtained by diluting 10 wiLstock solution with 45 mL MeOH, to obtain arsatbance
of 1.1 + 0.1 units at 515 nm, using a Shimadzu W&3 spectrophotometer. Briefly, a volume of 10 futliéferent
synthesized compounds concentrations (100; 2003@0dug/ml), was added to 990 pl of 0.094 mM DPPH in
MeOH, to reach 1 mL. Assays were continuously navad at 515 nm over a 1 h period at 25 °C. Chaimges
absorbance were minimal for all samples after 3@. Mhe antioxidant abilities were expressed as pilok
equivalents. Each sample was analyzed in trigicabhe percentage inhibition of the DPPH radicath®ysamples
was calculated according following equation:

Inhibition % = [Ag - Aa] / Ag X 100

where, A is the absorption of the blank sample (t = 0 nainJl A, is the absorption of the tested compounds or
standard substance solution (t = 30 min). The,E@lue defined as the concentration of antioxidarihe reactive
system necessary to decrease the initial DPPH otmratien by 50% and was calculated from the results

Hydroxyl radical scavenging assay

Hydroxyl radical scavenging activity was measurecoading to Fenton method described before [24h slightly
modification. Samples with different concentratioh synthesized compounds (100; 200 and 300 pgamd)
ascorbic acid (100;200 and 300 pg/ml) were prepdhesh incubated with 9.0 mM Fe$(.0 ml), 0.3% HO, (1.0
ml) in 0.5 ml salicylic acid—ethanol solution (920M) for 30 min at 37 °C. Hydroxyl radical was detst by
monitoring absorbance at 510 nm. The total volufrit&@® mixture in each tube was made up to 3 mLddireg the
required amount of distilled water. Inhibition (bf deoxyribose degradation in percent was calcdlatethe
following way:

I (%) = 100X (A-A1/Ap); where A is the absorbance of the control reaction andsAhe absorbance of the test
compound.

Acute Toxicity studies.

Toxicity of selected compound&q; 3b, 3c and3d) based orin vitro antioxidant potential results was monitored in
animal model system by different biochemical pesilncluding LRy ; GPT and LDH activities. Male Albino mice
of 6 animals per group and weighing between 20 2@ were administered after overnight fasting vgthded
doses of (100-1000) mg Rgb. wt. intra peritoneal of each selected synthesizompounds suspended in DMSO.
The toxicological effects were observed after 7@f ireatment in terms of mortality and expressed s, The
number of animals dying during the period was n¢2&]. Others biochemical parameters determinesr & days
of administration [26for GPT activity and [27for LDH activity.

In vivo antioxidant activity.
Antioxidant activity of selected compoundx), (3b), (3c) and @d) based orin vitro antioxidant potential results of
eleven synthesized compounds.

Bioassays experimental design.

The protective effect of the selected compourit3, (3b), (3c) and @d) against Carbon tetrachloride (GEl
induced acute hepatotoxicity in mice was evalualde: animals were randomly divided into eleven expental
groups of 6 mice each. The first group served amabcontrol and, during the experiment, receivetigle only
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(propylene glycol, 5 ml/kg p. Wt. per day p.0.).08p 2 animals received single dose of equal mixtfirearbon
tetrachloride and olive oil (50%, v/v, 0.5 ml /kgWt. i.p.). on 7&h day, Group 3 to Group 10 animals were pre-
treated with selected compoun@s)( (3b), (3c) and @d) at 250 and 500 mg/ kg b. Wt. per day p.o., rethpsly,

for 7 days. On 7th day a single dose of carbora¢btoride (0.5 ml/kg i.p.) was administrated. Grdipanimals
were pre-treated with standard drug Vitamin E (@ kg p. Wt. per day p.o) for 7 days. On 7th dayrgle dose

of equal mixture of carbon tetrachloride and ole(50%, v/v, 0.5 ml /kg p. wt. i.p.) was adminited [28].

Twenty-four hours after the last administrationcenivere sacrificed. Blood samples were collecteticamtrifuged

at 4000xg at € for 10 min for serums preparation. The liver wamoved rapidly, washed and homogenized in ice-
cold physiological saline to prepare 10% (w/v) hgemate. Then, the homogenate was centrifuged a40at 4C

for 10 min to remove cellular debris, and the spptant was collected for biochemical analysis.

The biochemical assays.
Biochemical parameters were carried out accordintyé instructions of kits purchased from Diagro§&ompany,
UK.

M easur ement of Glutathione-S-Transfer ase activity (GST).

GST activity was determined as described [29]. Reaanixture containing 50 mM phosphate buffer, p13, 1
mM of 1-chloro- 2, 4-dinitrobenzene (CDNB) and gpw@priate volume of compound solution. The reacti@as
initiated by the addition of reduced glutathioneH}%nd formation of S-(2, 4-dinitro phenyl) glutethe (DNP-
GS) was monitored as an increase in absorban@atr. The result was expressed as pmol of CDNBugation
formed /mg protein /min.

M easur ement of Super Oxide Dismutase (SOD) activity.
SOD activity was measured through the inhibitiorhpdroxylamine oxidation by the superoxide radig@serated
in the xanthine—xanthine oxidase system [30].Tlselte were expressed in units/mg protein.

M easurement of Glutathione Reduced (GSH-Rd) levels.

GSH in liver and kidney tissues was determined iating to the Ellman method [31], which measuresréduiction

of 5, b5-dithio-bis (2-nitrobenzoic acid) (DTNB) (Elan's reagent) by sulfhydryl groups to 2-nitro-5-
mercaptobenzoic acid, which has an intense yellolerc The results were expressed in mg per g prdi®ig/g
protein).

M easurement of Lipid peroxidation

Lipid peroxidation was measured by the TBARS methHoased on the formation of malondialdehyde
(MDA)examined using the 2-thiobarbituric acid (TBA¥ previously method described [32] in liver tssand
expressed as n moles per mg protein using 1,le®@ethoxypropane (TEP) as a standard.

M easurement of Protein content
Protein levels were determined spectrophotomelyiedl 595 nm, using comassie blue G 250 as a prdieiding
dye [33]. Bovine serum albumin (BSA) was used psogein standard.

M easur ement Statistical analysis
Each of the measurements described was carrieth dhitee replicate experiments and the resultseserded as
mean * standard deviation. The significantly digfercalculated at level o&0.05.

RESULTSAND DISCUSSION
Chemistry
We describe herein the synthesis of 2/or 3-sultetiselenyl derived from some heterocyclic moiesash as
pyridineselenol, pyridazineselenol and quinolinesel derivatives a-c). For the synthesis of target compounds,
first, the heterocyclic selenol&a-c) was prepared as described before [13-16]. Aftatrttie derivatives2g-d - 4a-
d) (Scheme 1) were prepared by nucleophilic substitution reacif 1la-c and different alkyl halides such as (allyl
bromide, 3-chloro-propan-1-ol, 3-chloro-3-hydroxypan-1-ol and epichlorohydrine) in the presencpathssium
carbonate in a minimum quantity of acetone as sl
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The structures of the newly synthesized compougdsd (- 4a-d) were confirmed by their spectral data (IR, 1H
NMR, *C NMR and MS) together with elemental analyses. IRepectra of compound2b,c - 3b,c and4b,c
showed the most characteristic bands ranging fr@#00-3500 cm due to hydroxyl group. For compounds,@ -
3a,d and4a,d) the data revealed characteristic bands ranging r@610-1615 due to (C=N). THel NMR spectra
of compounds4a), (3a) and @a) expectedly shows characteristic signals rangingnfé 4.31- 5.71 assignable to
(CH=CH,); 4.27-4.97 due to (CH=CMand 2.50-2.52 due to (Se-©HFor compounds2p), (3b) and @b), the'H
NMR spectra assigned characteristic bands rangiom § 4.31-4.39 due to_(C¥DH); 3.75-4.04 assignable to
(CH,CH,0H); 3.52-3.59 due to (Se-GHand 2.21-2.51 due to (OH group). For compourit3, (3c) and @c)
showed signals ranging frond 4.41-4.75 due to (CIDH); 4.02-4.52 due to (Se-@H); 3.61-3.85 for
(CH,CH,OH) and 2.60-2.68 for (20H group). Finally thd NMR spectra of compound2d), (3d) and @d)
showed bands @t2.55-2.59 due to (CBICH,) and 2.55-2.59 for (Se-GH

Further confirmation was achieved by i€ NMR spectra which showed the average signalsdorpounds Za-

4a) at§ 132.7, 122.1 and 33.8 due to (€EH,), (CH=CH,) and (CHCH=CH,) respectively. For compound2bt

4b) the ™* C NMR spectra showed the most important peaks nangi & 59.1 due to (ChDH), 34.9 due to
(CH,CH,OH) and 24.1 for (CLCH,CH,OH). For compounds2¢-4c) the ** C NMR spectra revealed that71.6,

63.2 and 45.4 for (Se-GbH), (CHOH) and (-CH-CH,OH) respectively. For compound2dt4d) the™®*C NMR

spectra assigned signals &t70.9, 44.1 and 29.1due to (-gbCH,), (CH,OCH,) and (-CH-CH,OHCH,)

respectively.

Finally, the structures of the synthesized compsumdre confirmed by their physical, analytical apectral data.
Results were displayed in Table 1.

Phar macol ogy

In present study eleven selenium containing nudeoanalogues of pyridine, pyridazine and quinolilegivatives
were subject tain vitro and in vivo antioxidant studies. Averages of antioxidant céjesc for synthesized
compounds were screened using DPPH and Hydroxijtakdcavenging assays. Toxicity of selected compsu
based onin vitro antioxidant potential results was monitored inn@adi model system. Biochemical parameters
including LDso, GPT and LDH activities were recorddd. vivo antioxidant activity of selected compounds was
based ornin vitro antioxidant potential results of eleven synthesizempounds and toxicity results of the selected
compounds. The protective effect against Carboradbloride (CCJ)-induced acute hepatotoxicity in mice was
evaluated. Results indicated that significantly éovactivities (p < 0.05) of SOD, GSH-S-transferé&&T), and
Reduced glutathione (GSH-Rd) were observed in@€hted group as compared to the normal contmlmgrAlso,
there were significant increases (p < 0.05) in S@&® GST activities in the treated groups at do$&50 and 500
mg/kg compared to the C@&reated control group (p < 0.05). Lipid peroxidatwas measured by the TBARS
method based on the formation of malondialdehydBAMTreatment with CClsignificantly (p < 0.05) decreased
the GSH-Rd levels with 33.1 % in the liver as conegao the normal control group. In contrast to @@4-treated
mice showed significantly increased GSH-Rd levdlse MDA levels in the CGlreated group (8.11 + 0.11
nmol/mg protein) were significantly (p< 0.05) highiean in the normal control group (5.25 £ 0.1).

In vitro antioxidant potential of synthesized compounds

Average of antioxidant capacities for synthesizemnpounds was screened using two methods; DPPH and
Hydroxyl radical scavenging assays. The DPPH fezlical assay incorporates a metastable free rathealis
capable of accepting hydrogen radicals from antdiaxis in solution. The reaction between DPPH anidddant

can be monitored by the decrease in absorbancheotdlored free radical. In the hydroxyl radicabas OH
radicals were generated to attack the substrateydbose. The resulting products of the radicahektform a pink
chromogen when heated with TBA in acid solutiomcsithese two methods are based on different mischgn
they can provide complementary insight into thecidant capacity of synthesized compounds irs@né study.

DPPH radical scavenging assay

Results of inhibition percentage of DPPH radicaldbgven tested compounds are plotted inig E >. Results
indicated that compounds 2-(1,3-dihydroxypropylagle4,6-di- methylpyridine-3-carbonitrile2¢) and other three
compounds 3-(3-hydroxypropyl- selenyl)-5,6-diphenyl pyridazine-4-carbonitrile  3p), 3-(1,3-
dihydroxypropylselenyl)-5,6-diphenyl pyridazine-drbonitrile @c) and 3-(oxiran-2-ylmethylselenyl)-5,6-diphenyl-
pyridazine-4-carbonitrile3d) have more inhibition effect against DPPH compdwedther tested compounds. The
EGCso values were 83.33; 86.2; 73.53 and 70.4 pgZoy, (3b), (3c) and @d) respectively compared with 61.72 ug
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for Trolox. The relative activities compared witholox were 73.49, 71.6, 83.56 and 87.14 % fim),((3b), (3c) and
(3d) respectively.

Hydroxyl radical scavenging assay

Results of inhibition percentage of hydroxyl radibg eleven tested compounds are plotted in < Fig. Results
indicated that compound&d), (3b), (3c) and(3d) has more inhibition effect against hydroxyl radlicampared to
other tested compounds. The &s@alues were 100, 106.38, 89.28 and 74.62 g Zoy, (3b), (3c) and (3d)
respectively compared with 71.72 pg for Trolox. Te&ative activities compared with Trolox were 71.,.@6.98,
79.77 and 95.94 % fol¢), (3b), (3c) and(3d) respectively. The average of the antioxidant ciypaé synthesized
compounds, result indicated that compouBd) @nd other three compound3bj, (3c) and @d) have the highest
antioxidant activity.

Acute Toxicity studies.

Toxicity of selected compound2d), (3b), (3c) and (3d) based onin vitro antioxidant potential results were
monitored in animal model system. Biochemical patars including Lk ; GPT and LDH activities were
recorded by treatment with graded doses of (L0®@YLO8Y kg' p.wt. of each selected synthesized compounds.
Toxicity results indicated that no mortality obsedvwith administration with concentrations rangesefected
synthesized compounds up to 700 mg kg wt. Also, result of GPT, and LDH enzyme actastindicated that no-
significant effect after administration with seledtsynthesized compounds up to 700 mg ggwt. The GPT, an
enzyme which allows determining the liver functias indicator on liver cells damage and LDH enzymeften
used as a marker of tissue breakdown [17].

In vivo antioxidant activity.

In vivo antioxidant activity of selected compounds wasebasnin vitro antioxidant potential results of eleven
synthesized compounds and toxicity results of ttlecsed compound<¢), (3b), (3c) and (3d). The protective
effect against Carbon tetrachloride (@Q&hduced acute hepatotoxicity in mice was evaldater selected
compounds. CGlinduced hepatic injury has been extensively usednimal models to evaluate the therapeutic
potential of drugs and dietary antioxidants. £€kperimentally induced cirrhotic response in anisimilar to
human cirrhosis of the liver [18-20] respectivelherefore, The metabolites of GClrichloromethyl free radicals,
are capable of binding to DNA, lipids, proteinscarbohydrates and eventually lead to membraneipidxidation
and finally to cell death [21,22]. Hepatic GSH-RudaMDA levels, as well as serum activities of SAEBH-S-
transferase, and GSH-Rd levels were measured tdtondiver injury and as an indicator of antioxidaihe
obtained result of activities of SOD, GST, and GB#llevels in CC}intoxicated mice are presented in < Tabbe 1
SOD and GSH-S-transferase are antioxidant enzyhagtotect cells from oxidative stress of higtdactive free
radicals formed in normal condition (food metatesjt or abnormal condition (present of environmenttupants).
These enzymes are induced on the generation ofddieals in living cells. Result indicated thagrgficantly lower
activities (p < 0.05) of SOD, GST, and GSH-Rd webserved in CGhreated group as compared to the normal
control group. Also, there were significant incresagp < 0.05) in SOD, and GST activities in thatied groups at
doses of 250 and 500 mg/kg compared to the-@€ated control group (p < 0.05). No significaefaetence found
between used doses (250 and 500 mg/kg) with aédesompounds. The highest increase in SOD and GST,
activities rather than GSH-Rd levels was monitoreith compound 3-(1,3-dihydroxypropylselenyl)-5,6-
diphenylpyridazine-4-carbonitrile8¢) as compared to the treated group 2.

Lipid peroxidation and GSH-Rd levels

Lipid peroxidation was measured by the TBARS methasled on the formation of malondialdehyde (MDA)ahh
determined using the 2-thiobarbituric acid (TBAepdtic GSH-Rd and MDA levels in C&htoxicated mice are
presented in < Table3 GSH-Rd acts as a nonenzymatic antioxidant ird#texification pathway that reduces the
reactive toxic metabolites of CCITreatment with CGlsignificantly (p < 0.05) decreased the GSH-Rd Ievéth
33.1 % in the liver as compared to the normal adrgroup. In contrast to the C@reated mice treated with
selected selenium containing nucleoside at botlesio$ 250 and 500 mg/kg showed significantly inseeaGSH-
Rd levels. Also, similar results recorded with wifa E at dose of 100 mg/kg. The MDA level is widelsed as a
marker of free-radical mediated lipid peroxidatidhe results of the MDA assay are presented inbtera>

MDA levels in the CCjtreated group (8.11 + 0.11 nmol/mg protein) wegaificantly (p< 0.05) higher than in the
normal control group (5.25 + 0.13 nmol/mg protei@glected selenium compounds at both doses ofa@&D500

923
www.scholarsresearchlibrary.com



Sh. H. Abdel-Hafez et al Der Pharma Chemica, 2012, 4 (3):915-925

mg/kg showed significantly (p < 0.05) decreased Miexel with approx. 46 to 51 % in treated mice viitle both
doses as compared to the normal control group.

CONCLUSION

Present study demonstrates that one of pyridinetyd-(1,3-dihydroxypropylselenyl)-4,6-dimethylpgimne-3-
carbonitrile 2c) which bearing two hydroxyl groups, and three afigigzine-moieties 3-(3-hydroxypropyl-selenyl)-
5,6-diphenylpyridazine-4-carbonitrile3lf), 3-(1,3-dihydroxypropyl selenyl)-5,6-diphenylpyaizine-4-carbonitrile
(3c) and 3-(oxiran-2-ylmethylselenyl)-5,6-diphenyl- @azine-4-carbonitrile 3d) respectively have definite
antioxidant effect. The mode of action produce phnetective activity against C¢lmay due to activation of
antioxidant enzymes SOD and GST, in addition to ftke radicals being released in the liver weredifiely
scavenged by effective compounds based on the mmesef two hydroxyl group2€) and two phenyl ring
substitutions b-d) found either in pyridine or pyridazine rings. Thistivity in effective compounds is mainly due
to their redox properties which play an importasierin adsorbing and neutralizing free radicalgrguing singlet
and triplet oxygen, or decomposing peroxides.
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